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Abstract 
Extreme and unpredictable rainfall events occur regularly within Australia and the likelihood of these 
occurring more regularly may increase as a result of climate change. This dissertation investigates whether 
the occurrence of severe rainfall events based on estimated climatic condition changes on the Gold Coast 
have increased and will determine whether this has resulted in increased rainfall intensity and flood levels. 
Sea-level rise and increased flood levels will be analysed along with storm surge and how this correlates 
with climate change.  
 
These severe rainfall events are unexpected and have the potential to have a large impact on urban areas. 
Future predicted rainfall intensities have a high possibility of increasing due to climate change and it is 
critical to understand these changes as it can result in increases to the risks of flooding. Population growth 
in urban coastal areas are vulnerable to climate change effects such as sea-level rise exacerbating coastal 
erosion and possible inundation. 
 
The Currumbin Creek catchment has been chosen for this analysis due to the area being low-lying with a 
potential large increase in population. An increase in population follows a need for development, 
subsequently a change in land use and enhanced climate change factors.  
 
An analysis will be conducted on rainfall events using QGIS and TUFLOW modelling software. Data is 
obtained from available online datasets that are input into the software programs. A number of scenarios 
will be modelled applying climate change factors, increased impervious ground cover and increased sea-
levels. These scenarios are historical, current and future with climate change factors applied.  
 
The investigation concluded that the critical storm duration for all three scenarios is the 1440-minute (24 
hour) storm. Additionally, it was found at the Pacific Motorway crossing of the Currumbin Creek there was 
no change in flood level when adjusting the TWL conditions. Within the future scenario the flood extent 






  Page ii 
Limitations of Use 
University of Southern Queensland 
Faculty of Health, Engineering and Sciences 
ENG4111/ENG4112 Research Project 
 
Limitations of Use 
 
The Council of the University of Southern Queensland, its Faculty of Health, Engineering & Sciences, 
and the staff of the University of Southern Queensland, do not accept any responsibility for the truth, 
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Chapter 1. Introduction 
 Project Background  
 
Extreme and unpredictable rainfall events occur regularly within Australia and the likelihood of these 
occurring more regularly may increase as a result of climate change. It is impossible to protect everyone, 
everywhere against flooding eventuality (Mirfenderesk 2009). The Queensland Government defines 
flooding as when water inundates land that is normally dry. Climate change can be defined as a change in 
the usual weather found in a place (NASA, 2014). Urban Drainage systems amongst Australia are designed 
to cater for rainfall events as predicted by the Bureau of Meteorology (BOM), however if climate change 
adaptation and mitigation measures are not considered, there is a risk of more frequent flooding occurring.  
 
Between 1900 and 2015, 1,859 fatalities occurred during flooding events in Australia. Around 75% of these 
fatalities have been in Queensland and New South Wales (BNHCRC, 2017). During the period of 1967-
2005 the average cost in recovering damages from floods was $377 million per year. The natural flooding 
disaster that occurred in Queensland during 2011 classed three quarters of the state a disaster zone and cost 
the state more than $5 billion in recovery costs including state infrastructure  (QLD.Gov. 2018). Damages 
to infrastructure, power lines, sewerage and water systems and farmlands are just a few of the critical 
elements that impact regional and national economies.  Severe storms are the most-costly disaster in 
Australia.  
 
Within this study, several flood modelling parameters have been scrutinised to assess the effects of Climate 
Change and management of flooding in an Urban Coastal Catchment. These parameters include: 
• Intensity Frequency Duration (IFD) charts; 
• Population growth, urbanisation, land use and reduction of pervious surfaces; and 
• Sea level rise. 
 
Intensity Frequency Duration (IFD) charts are in question as to whether they are suitable and sufficient for 
stormwater drainage systems. Research will be conducted to analyse IFD data and whether the IFD data 
has incorporated climate change aspects. Population growth, urbanisation and change in land cover increase 
exposure to flood damages (Ogie et al. 2018). Areas that are most vulnerable to flooding are within low-
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Local Councils and Governing Agencies have planning documents in place for different regions. Within 
these planning documents, population and density targets are provided.  To accommodate for the increased 
population and density requirements will mean that parklands, allocated greenfield areas or low scale 
residential areas will need to be developed. Following this change in land use there will be an increase in 
surface runoff due to increased impervious groundcover. The problem with this is that due to the increase 
in population and density requirements and consequently increased impervious land in coastal areas, it will 




 Research Justification 
 
There is an increased likelihood of severe rainfall events that are affecting urban coastal development 
drainage systems due to climate change. These rainfall events are unexpected and have a large impact on 
urban areas. Future rainfall intensities have a high possibility of increasing due to climate change and it is 
critical to understand these changes as it can result in increases to the risks of flooding. 
 
It is expected to find the actual severe rainfall events are occurring more frequently than that predicted 
within the Intensity Frequency Duration (IFD) tables. This increase in frequency due to climate change has 
not been adopted within the current design IFD tables. Local Council planning schemes need to adapt to 
the hazards that will require frequent updates to council flood mapping and flood standards. 
 
Population growth, in particular the Gold Coast, increases risk to the community such as flooding, and these 
increased risks are possibly due to climate change and changes in land use and impervious cover. Increased 




 Project Aims and Objectives 
 
The aim of this study is to investigate severe rainfall events and the impact these have to urban drainage 
systems and floodplains based on climate change and a resulting increase in flood levels. This study will 
analyse the predicted rainfall events with the addition of the effects of climate change and high-density 
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guidelines will be the primary sources of information for analysing this data. A case study location will be 
adopted, and the aims are to provide results on the impact of the redevelopment and future construction 
within the case study catchment. The subject catchment within the suburb of Currumbin on the Gold Coast, 
Queensland is a low-lying catchment that predominantly consists of older dwellings. Additionally, the 
catchment will be subject to increased development and future density increases of residential population 
and impervious area.  
 
The objectives are to determine whether the occurrence of severe rainfall events based on estimated climatic 
condition changes on the Gold Coast have increased or will increase in the future and to determine whether 
these severe rainfall events have increased the rainfall intensity. Sea-level rise and increased flood levels 
will be analysed along with storm surge and how this correlates with climate change.    
 
The main project aims and objectives will be achieved by analysing flood modelling parameters in regard 
to estimated climatic conditional changes within the Currumbin Creek Catchment. These parameters 
include: 
• Comparing forecasted future rainfall events with historical and current data; 
• Sea level rise; 
• Topography; and 
• Population growth, urbanisation and land use. 
 
These parameters will be both analysed within the review of literature as well as numerical modelling of 
certain flooding scenarios. Conclusions will be drawn based on which modelling parameters have the 
largest impact on the catchment floodplain. It is expected to find an increase in flood levels due to the 
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Chapter 2. Literature Review 
This literature review contains background research into the research topic and will provide insight into 




 Climate Change 
 
Many levels of governments and research organisations have commissioned studies to understand the risks 
of sea-level rise and to develop adaptation strategies to minimise climate change. The Intergovernmental 
Panel on Climate Change (IPCC) states:  
 
“Climate change is the change in state of the climate that can be identified by changes in the mean 
and/or the variability of its properties and that persists for an extended period, typically decades 
or longer. Climate change may be due to natural internal processes or external forcing’s, or to 
persistent anthropogenic changes in the composition of the atmosphere or in land use.” 
 
The term ‘climate change’ is used to refer to research, investigations and observations into change that have 
or are occurring to the world’s climate. The change to climate can include a warming of the oceans, a rise 
in sea levels, an increase in temperature, variability of rainfall and in particular an increase in intense heavy 
rainfall and increase in extreme fire weather and ocean acidification (CSIRO, State of the Climate 2018). 
 
The changes occurring to the climate system are being documented and supported by research that shows 




 Effects of Climate Change 
Research completed by NASA confirms causes of increased change in climate are due to human activity. 
Human activities such as burning fossil fuels increases the amount of gas emitted into the air such as carbon 
dioxide (NASA 2019).  World bank states that 87.4% of the world’s population have access to electricity, 
of that 100% of Australians have access to electricity. Burning fossil fuels such as coal, gas and oil produces 
65.2% of the world’s electricity. Australia’s natural resource of renewable energy grew 16% in 2016, 
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The clearing of rainforests is another contributing factor to climate change as forests absorb carbon dioxide. 
Burning of forests releases thousands of tons of carbon into the air. A few years ago, numerous rainforests, 
were burned down in Indonesia and more carbon was released into the atmosphere than the UK’s entire 
annual output (Greenpeace.org). Not only is this destroying animal species habitat and enhancing the 
climate change effect, it is extremely dangerous and unhealthy for humans in the region to inhale.  
 
Other gases that contribute to climate change, more specifically the greenhouse effect due to human activity 
include water vapor, nitrous oxide and methane. A warmer climate results in more frequent natural disasters 
in particular a rise in sea levels from storm surge and the melting of ice sheets in the Arctic Sea. The rise 
in sea levels will have a harsh effect on Australia, as 85% of the Australian population are living in close 
proximity to the coastline. More specifically, the Gold Coast has a stretch of over 55 kilometers of coastline 
resulting in high vulnerability to even the slightest variation to climate (WorldBank 2019).  
 
Changes to climate can also be attributed to natural phenomena such as El Nino, La Lina and the Indian 
Ocean Dipole, however long-term climate records are finding trends in weather patterns are occurring in 
some areas (CSIRO State of Climate, 2018) 
 
Gold Coast City Council Climate Change Strategy (2009-2014) implemented adaptation and mitigation 
procedures necessary for the city to survive and maintain its reputation for its community, economy, 
environment and lifestyle. These measures included focusing on carbon emissions, the ability to cope with 
climate change such as sea-level rise, flooding and storm surge and planning for infrastructure to cater for 
an increasing population. The Gold Coast population increase is second to Brisbane’s projected increase 
and is the sixth largest city in Australia. The beaches are the city’s appeal for people to relocate permanently 
and for tourists to visit (QGSO 2018a). Maintaining the beach resource; enabling access to waterways and 
between the waterways and ocean; and at a minimum, maintaining a similar level of protection of property 
against flooding in the future as that which currently exists were set as a minimum within the City’s climate 
change strategy.  
 
Although the City of Gold Coast mentions Climate Change as an on-going challenge within their planning 
strategies, the climate change strategy expired during the change of parliament with no plan for a 
replacement. The state government provided $12 million in funds for adaptation to impacts of climate 
change to assist local governments however, climate change seems to continue to be ignored at the local 
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Dedekorkut, A. 2018). This clearly demonstrates the high-risk that the Gold Coast is under as climate 
change continues to affect the low-lying coastal region.  
 
Commonwealth Scientific and Industrial Research Organisation (CSIRO 2015) has conducted research on 
climate change in Australia and has provided the following results: 
• Hot days will become more frequent and hotter (very high confidence); 
• Sea levels will rise (very high confidence); 
• Oceans will become more acidic (very high confidence); 
• Snow depths will decline (very high confidence); 
• Extreme rainfall events are likely to become more intense (high confidence); 
• The time in drought is projected to increase over southern Australia (high confidence); 
• In southern mainland Australia, winter and spring rainfall is projected to decrease (high confidence); 
and 
• Increases are projected for Tasmania in winter (medium confidence). 
 




 Rainfall Events 
There is a large amount of literature surrounding rainfall events and the way in which they should be defined.  
Additional to storm surges and sea-level rise, rainfall is the main cause of flooding and future floods are 
more likely to occur more frequently as a result of climate change (Sharma & Mujumdar 2019).  
 
Evaluation between the trends/relationships in rainfall intensities, annual rainfall and temperature over a 
range of Eastern Australian locations have been conducted. Extreme rainfall is usually based on the heaviest 
rainfall encountered on an annual basis. The sites that were analysed by Chen (2014) have temperature and 
rainfall gauges present and it was found that there is an increase in annual mean maximum temperature and 
an increase in annual mean minimum temperatures. These upward trends are more significant in temperate 
climate zones than those in the topical climate zones and agree with the global warming theory (Chen 2014). 
This difference in climate types is an indication that rainfall data and investigations should be specific to 
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As the global temperature rises due to the entrapment of greenhouse gases warming up the atmosphere and 
trapping additional heat, results in an increased amount of water vapor that can be held in the atmosphere. 
The ocean temperatures are also rising which initiates an increased evaporation rate. Severe rainfall events 
occur as warm air holds more water vapor in the atmosphere which leads to intense storms and rainfall 
events, causing flooding. It is estimated that a rise of 6.5% to 7% in atmospheric moisture occurs per degree 
increase in temperature (Will Steffen et al. 2017). 
 
Daily rainfall data for the subject catchment of Currumbin Creek has been obtained from BOM from 1976 
to 2019. This data has been ranked in order of the highest amount of rainfall. As this data is daily rainfall 
data it has been analysed against a 24-hour storm duration. From the top 20 rainfall events that have 
occurred, 85% of these have occurred within summer months. With the expected increase in air temperature, 
the trends for high intensity rainfall events in warmer months, can be expected to increase.  
 
Research has found that in recent decades a higher percentage of yearly rainfall occurs from heavy rain 
days. Short intense rain events often result in flash flooding (CSIRO, State of Climate 2018). An increase 
in daily rainfall intensity is also likely, however overall a reduction in yearly rainfall but increases in rainfall 




 Intensity Frequency Duration (IFD) 
Intensity-Frequency-Duration (IFD), in terms of rainfall, is predominantly the main technique, in Australia 
and many other countries, for determining the ‘severity’ of rainfall events for design purposes  (Bonta & 
Rao 1998). IFD Curves represent the frequency and duration of rainfall events over a certain period of time 
due to climate change, the quantities represented in the IFD curves will need to be altered over time (Fadhel 
et al. 2017).  
 
Intensity relates to how much rainfall is falling out of the sky, or the ‘heaviness’ of the rainfall, and is 
usually measured in millimeters per hour (mm/hr.). Frequency refers to how often a rainfall event, of a 
comparable intensity and duration product, has taken place.  Duration measures how long each rainfall 
event lasts for and is usually measured in minutes (min) or hours (hr.), which ranges anywhere from 5 
minutes to 72 hours (Bureau of Meteorology 2019). The Bureau of Meteorology (BOM) provides weather 
services including drought, floods, fires, storms, tsunamis and tropical cyclones to Australia and 
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Average Recurrence Interval (ARI) is directly related to the frequency of specific rainfall events. It is based 
on past records of the specific parameters of the ‘severity’ of an event, such as intensity and duration. 
Through analysis of past records in relation to the ‘severity’ of particular rainfall events, ARI uses a 
probability, based on the average amount of years a rainfall event with similar ‘severity’ will occur. This 
enables an accurate prediction to be made as to when the reoccurrence of events with similar ‘severity’ will 
take place (Bureau of Meteorology 2019).  
 
Annual Exceedance Probability (AEP) is described as the chance that the total rainfall for a specific duration 
will be exceeded in a year (Bureau of Meteorology 2019) which is proportionate to the ARI using; 
 






For example, a 1% event would be classed as a severe rainfall event, as it is only expected to happen, on 
average, once every hundred years. A 50% event would be deemed as being less severe as it occurs, on 
average, every couple of years. 
 
Rasheed (2018) undertook a rainfall frequency analysis for the Gold Coast Seaway meteorological stations, 
considering 5-minute time series of rainfall for both historic and future climate change scenarios. The 
analysis considered ARIs from 1year - 100year and duration from 5 minutes to 24 hours.  
 
The site specific generated IFD data was then compared to IFD’s from BOM and found to be generally 
consistent. Climate change modelling was undertaken by Rasheed to develop IFD’s for future climate 
change scenarios. The IFD’s for future climate change scenarios showed a significant increase compared 
with BOM IFD data. The average increase in IFD’s for South East Queensland coastal location ranged from 
23-30% for 2026-2045 horizon to 38-45% increase for 2081-2100. 
 
A recent revision of ARR data has been released which updates the 1987 version. One significant aspect 
feature in the updated version is the impact to rainfall and runoff due to climate change. In relation to flood 
estimation ARR (2019) lists the following as being likely to be impacted by climate change. 
• Rainfall Intensity Frequency Distribution (IFD) relationships; 
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• Continuous rainfall sequences; 
• Antecedent conditions and baseflow regimes; and 
• Compound extremes (riverine combined with storm surge inundation). 
 
The updated ARR guidelines used data from a large number of rainfall gauges over a 30-year period and is 
specific to Australia. The guidelines acknowledge there are still uncertainties around climate change and 
regional variability, however, provides assistance to designers for incorporation of climate change factors 
in calculation of rainfall intensity or depth. 
 
ARR states:  
“Given uncertainty in rainfall projections and their considerable regional variability, an increase 
in rainfall (intensity or depth) of 5% per Degree Celsius of local warming is recommended.” 
 
This factor is considered to be on the lower end of the scale due to uncertainties of applications of a single 
factor across different frequencies and durations. More detailed assessment calculations are provided in 
ARR that allows for a more specific projected rainfall intensity increase. 
 
The research is consistent in that designing for current IFD data without considerations and allowance for 
climate change, would be a failure. The variability in IFD is addressed across a number of studies; 
variability has been found between storm durations with increases in intensity for lower durations and 




 IFD Curves  
IFD curves are a result of the compilation of historic data on past rainfall events for a particular region. 
They depict the relationship between intensity, frequency and duration on an x-y plot. The y axis measures 
the intensity. It can range anywhere from 0 to 1000 mm/hr., depending on which region the IFD curve may 
represent. Duration can be seen on the x axis. It usually ranges from 5 minutes up to 72 hours, depending 
on the scope of the intended study. The frequency component of the plot is represented by individual curves 
based on the AEP of the chance of particular rainfall events occurring. Each of the individual storms is 
labelled under the likelihood that the event will occur in any one year. These storm events can vary from 1 
year (63.2% AEP event) up to 100 years being a 1% AEP event, also depending on the relevancy of the 
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 Example of IFD Curve (Source: Bureau of Meteorology 2019) 
 
 
Variability in IFD curves is a consistent finding with research undertaken to date. In the South East 
Queensland region, Engineers Australia (2015) found through modelling of future climate change scenarios, 
that there was little difference between current and future rainfall depth for an AEP of 10% but a larger 
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 Baseline period (blue) and future (orange) rainfall IFD curves for Nerang Gilston Road (Source: 
Engineers Australia 2015)  
 
Rahmen (2017) found that for 1-hour durations under new climate change IFD data, presented a reduction 
when compared to ARR 1987 IFD data. However, for the 12-hour duration there was an increase of between 
3-22% for the 2% AEP and 4-24% for the 1% AEP again demonstrating the variability in IFD data. 
 
Contrasting research found that increases in extreme rainfall which typically leads to flooding was found 
for 1-hour intensities for Melbourne. The study however, only used data from one rainfall station, and future 




 IFD Analysis  
An IFD analysis consists of evaluating individual rainfall events in terms of their intensity, frequency and 
duration. It involves analysing the individual rainfall events maximum average intensity over certain 
durations and applying them to the regions IFD curve. From this the frequency or AEP of the event can be 
determined and labelled according to the likelihood that it will occur in one year. This will also make up a 
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 Sea-level Rise 
Sea-level rise is a risk for all populated coastal regions. Australia’s population holds approximately 85% of 
people living within 50 kilometers of the coastline (Edwards et al. 2019). More specifically, the Gold Coast 
has a stretch of over 55 kilometers of coastline with over 250 kilometers of navigable waterways, the city 
is in great risk of potential inundation in future. Sea-level rise is a permanent rise in sea-level that has been 
slowly increasing due to three main factors; thermal expansion, melting glaciers and loss of Greenland and 
Antarctica’s ice sheet all relating back to climate change (National geographic 2019). A rise in sea-level 
increases the frequency of flooding. 
 
IPCC has made estimations that by the end of this century a rise in sea-level of at least 0.50 meters and as 
high as 1.20 meters can be expected. “Without adaptation a hundred million people worldwide will be 
affected by coastal flooding and will be displaced due to land loss by year 2100” (Nurhidayah & McIlgorm 
2019). Sea-level rises of 1.1 meters would mean that between 4000-8000 residential buildings on the Gold 
Coast will be at risk of inundation and more than $226 billion in industrial, commercial and residential 
assets could be lost (Will Steffen et al. 2017).  
 
Studies that have been performed around the world have found that global sea-levels have risen 19cm since 
the 19th century, on average 1.7millimeters per year. Whereas prior to this period there was minimal change. 
Between 1993 and 2010 sea levels rose by 3.2millimeters per year, this short-term increase is almost double 
the long-term sea-level rise increase (IPCC 2013).  
 
Some noticeable areas of climate change that can be seen from the global 1 degree centigrade increase are; 
more frequent extreme weather events, rising sea levels and the melting of the arctic sea (Nurhidayah & 
McIlgorm 2019). Additional studies have found that the islands such as the French Polynesian and 
Indonesian islands will be inundated by a sea-level rise of 1 meter. Indonesia and the French Polynesian 
islands are in relatively close proximity to the Gold Coast located around 5000 kilometers and 6000 
kilometers respectively. Adaptation measures such as protect, accommodate or retreat are in place. 
However, the lack of funding resources in developing nations makes it difficult so the individual needs to 
be adaptive and resilient on their own. (Courchamp et al. 2014)  
 
Investigations of coastal climate change risk assessment practices in Australia have been undertaken and 




  Page 13 
assessment and corporate needs. Council funding is provided by state government for coastal adaptation 
and mitigation, therefore accessing external funds to carry out such risk assessments can be difficult as state 
governments and local councils have conflicting interests regarding importance of risk criteria (Tonmoy et 
al. 2018).  Tonmoy et al. (2018) continues to explain that state governments include flood management 
planning due to floodplains and estuaries however does not include coastal estuaries and urban flooding 
which are critical issues for coastal councils.  
 
There is a large amount of literature surrounding the increase in sea-level rise and the adaptation options 
that should be adhered to for the Gold Coast in order for the city to survive. ‘Climate change consequently 
holds particular challenges for coastal resort cities. Sea-level rise impacts are likely to be manifest in 




 Storm Surge 
Storm surge is a rise above usual sea level and is generated by severe weather events such as hurricanes, 
typhoons and tropical cyclones. These severe weather events, lasting anywhere from several hours to 
around three (3) days are caused by low pressures and strong winds and can be enhanced locally depending 
on the coastal topography (Wang et al. 2008). Zones within close proximity to coastal areas are more 
prominent to risk of storm surges due to the likelihood of strong winds. Figure 3 illustrates the differences 
of water levels when a high tide occurs to when a cyclonic storm surge approaches land. A storm surge will 
build up prior to the severe storm such as a cyclone making landfall. An increase of a warming climate 
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There is limited literature confirming the expected change to storm surge levels as a result of climate change. 
Addition of the sea level rise to storm surge levels is commonly adopted. However, the increase in storm 
surge height due to storm intensity changes may be greater than just the addition of sea level rises alone. 
The intensities of cyclones are also predicted to increase in intensities at some locations, which will have a 




 Urban Intensification  
 
 Population Growth 
United Nations performed studies in 2018 measuring population growth within urban areas. It concluded 
that 55% of the world’s population live in urban areas with a prediction that by 2050 68% of the world’s 
population will live within urban areas. Urban living can be defined as living relatively close to a town or 
city with infrastructure (UN 2018). 
 
South East Queensland (SEQ) Regional Plan 2017 provides forecasts for the next 25 years and also a 50-
year vision. There are three (3) comprising parts to the forecasted 25 years and these include; goals, 
elements and strategies, the regional growth pattern and sub-regional directions. 
These parts provide information on the regional and sub-regional areas current and proposed population 
targets and densities. Additionally, current and additional dwellings are defined. The Gold Coast is ranked 
number one as the densest non-capital city in Australia holding on average 417 people per square kilometer 
(Population 2019). The average growth rate is 1.78% over the past eight (8) years. 
 
Table 1 lists population and dwelling increases over 15 years for some of the subject suburbs within the 
study area (CoGC 2018) and a projected population for the year 2041 (QQSO 2019). Recent flood policy 
changes in addition to climate change modelling factors and intensity have meant that future development 
and the ability to achieve or exceed future development densities is uncertain.  
 
 Population and Dwelling increases over 15 years 
 Population Dwellings 
Suburb 1991  2016  2041 1991  2016 
Currumbin Waters 7,040 9,135 10,316 2,600 3,671 
Currumbin Valley – Tallebudgera 2,908 7,441 9,361 992 2,388 
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CoGC provides an interactive mapping service which allows access to zoning categories such as areas 
zoned for high density, medium density and low density residential; to name a few. Surrounding suburbs 
to the Currumbin Creek catchment such as Palm Beach have recently been in alert due to the large influx 
of high-rise buildings constructed recently. This imposes on the current high dense area in the low-lying 
catchment. The Gold Coast City Plan states that these areas are zoned medium density allowing 1 bedroom 
per 50 square meters. Due to the number of high-rise buildings constructed this has increased the current 
density requirements (Weston 2019). 
 
A calculation of the current population at risk of flood damage and/or without a safe evacuation route is 
usually conducted with the current regional flood inundation levels when proposing new developments 
within the local area. This is compared with the proposed population density targets and then repeated with 
proposed flood levels with the consideration for climate change. This provides information on the severity 




 Land Use 
Land use is the way human population manipulate the biophysical attributes and the purpose of the land, 
whereas land cover is the biophysical state of the earth’s surface (Desta et al. 2019). Land change refers to 
the change in one type of land use to another, predominantly by the interference of human activity such as 
settlement, infrastructure development, agriculture or recreational uses. Such changes by human activity to 
the biophysical land attributes can affect climate change and the frequency of flooding. Land use change 
effects caused by urbanisation, industrialisation and population growth can affect climate change by 
interrupting the hydrologic cycle, further creating an increase in flooding. The hydrologic cycle can be 
affected when the precipitated rainfall can no longer infiltrate into the soil below due to the change in 
landcover to an impervious surface.  This results in a much higher amount of surface runoff increasing the 
risk of flooding.  
 
Studies have been performed by (Akter et al. 2018) within a catchment in Europe in relation to land use 
changes and rainfall run-off and results found that the peak flows were significantly higher when 
investigating the hydrological behavior from urbanisation. The total peak flows showed to be significantly 
higher in an area where urbanisation had occurred. Hydraulic investigations were modelled utilising the 
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that the highest contributor to the peak flows was due to climate change with the increase in urbanisation 
and impervious areas being the second highest.  
 
Urban planning is essential particularly in low-lying coastal developments. As urban areas become more 
densified the requirement for land becomes more desired. Such planning shall include dedicated green open 
spaces as these provide beneficial aspects such as; providing storage capacity for floodwaters and increase 
soil permeability, leading to reduced surface runoff. Additionally, the hydrologic cycle is altered when 
green open spaces are developed into impervious land as more surface runoff occurs and less rainfall is 
infiltrated through soils.  
 
Studies have found that a fully developed area with impervious land cover between 75-100% results in 
runoff 5.5 times higher compared to a forested area with runoff accounting for only 10% of water output 
(Ligtenberg 2017). This is caused by reduced evapotranspiration and infiltration. Refer figure 4 for an 
illustration of different types of land cover to runoff response resulting in increased rapid peak discharge. 
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 Flood Management 
 
 Flooding in Urban Coastal Developments 
Coastal flooding is one of the most common natural risks worldwide (Fernández et al. 2018). This is 
predominately due to hydro-meteorological forms such as waves, wind, tides and storm surges resulting in 
coastal flooding and beach erosion. Studies undertaken by Fernandez et al. (2018) have based their 
investigation on historical data and have not considered any effects from climate change.  
 
The Gold Coast is surrounded by beachfronts that are dominated by high-rise multiple units whereas 
properties surrounding the natural and manmade waterways are dominated by low-rise, usually single-
family units. The residential properties fronting the waterways have a variety of different shorelines ranging 
from natural mangroves, to gently sloping landscaped ground to revetments, bunds and rock armor. Beach 
maintenance and waterway maintenance are required to ensure that the beach profile remains, and this is 
done by the addition of sand from external sources.  
 
The primary aim of urban drainage is to “ensure that stormwater from developed catchments causes 
minimal nuisance, danger and damage to people, property and the environment” (QUDM 2007). As the 
frequency of flooding increases in low-lying urbanised areas the number of insurance claims made against 
damages to property also increases. The Financial Ombudsman Service (FOS) Australia states that 
insurance premiums on properties have increased due to the increased likelihood of natural disaster events, 
in particular flooding. Within six (6) months between November 2014 and April 2015 insurance claims 
relating to natural disasters exceeded $1.5 billion. Low lying areas such as the Gold Coast and Cairns are 
most vulnerable to coastal hazards and disasters and sea-level rise where insurance companies have 




 Management of Flooding in Urban Areas 
Assessing and predicting future flood risk is difficult due to the unknown increase change in land-use and 
unknown rate of climate change. Urban expansion and population growth along with climate change results 
in potential flood management crisis worldwide. Historical land use planning decisions have affected the 
hydrological functions by reducing the amount of pervious areas. Schuch et al. (2017) states ‘increased 
impervious surfaces, filling of wetlands and development on floodplains to accommodate population 
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Flood damage can be divided into consequences such as loss of life, loss of property and loss of 
infrastructure. Adaptation measures that can be put into place to avoid such disaster can be categorized into 
structural and non-structural elements. Structural elements can include installing porous/permeable 
pavements, aboveground and underground detention tanks, elevating ground levels and installing water 
pumps. Non-structural elements can include adaptation laws and regulations, incentives, organisation 
systems, building controls and disaster management techniques and basic awareness to the community to 
avoid vulnerability (Park & Won 2019).  
 
Although naturally occurring floods can be beneficial to the ecosystem, it is the human activities that occur 
that can reduce the ability of these ecosystems to absorb the excess water and attenuate the floods. These 
ecosystems such as greenspaces are a great benefit to our environment. Greenspace is defined as a natural 
environment characterised by ecosystems and landscaped values (Schuch et al. 2017). Severe flooding is a 
result of continual urban development. Greenspaces have many beneficial attributes such as; storage 
capacity for flood waters and riparian vegetation helps reduce erosion on streams and retention areas. 
 
Low Impact Design Technologies (LIDs) have been adopted recently to assist in mitigating floods by 
reducing the peak flow of excess runoff. Some examples of LIDs have been identified as rain cistern, 
permeable pavements, vegetated swales, green roof and bioretention and detention basins (Hu et al. 2019). 
Land and area restrictions are an issue when installing these systems. Studies have found that permeable 
pavements require high maintenance to ensure they do not clog due to high concentrations of particles. 
Apart from the deficiency in performance from the permeable pavements, these technologies have been 
found to reduce 19.3-59.2% of surface runoff and 8.0-71.4% of peak flow in a 2-hour storm with a similar 
reduction in a 4-hour storm.  
 
The overall economic losses from the 2011 Australian flood events were estimated over $5 billion 
(Halgamuge & Nirmalathas 2017). The need for risk management and response strategies are rising with 
the projected growth of extreme weather events. As flood risk is not constant over time, flood risk maps 




 Government Planning Policies and Development Codes 
The City of Gold Coast (CoGC) has its own local planning schemes and development codes. Where design 
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recommended. The Gold Coast City Plan Version 7 sets out the intention for the Gold Coast over the next 
20 years. In conjunction with the City Plan, an Interactive Mapping tool is available to overlay different 
types of areas, hazards, proposed zones and land use types.   
 
Along with the CoGC interactive mapping tool, overlay codes are available to assist with the preparation 
of development applications. The overlay codes allow the developer to demonstrate acceptable outcomes 
for the relevant code. In particular, the CoGC has a flood overlay code in place to regulate developments 
occurring in flood affected areas ensuring that the development does not cause, increase or have the 
potential to cause or increase risks/hazards associated with flooding (CoGC, 2019.) Flood Hazard 
assessment tables categorizing hazards from nil, low, medium, high and extreme are available within this 
code. Additional to the hazard assessment table, assessment for flood depths, evacuation depths, flood 
velocities, etc. is assessed and categorised as degrees of hazards.  
 
CoGC has performed a number of hydraulic flood modelling studies around the Gold Coast, more 
specifically the Currumbin Creek catchment. These studies predominantly use the MIKEFLOOD modelling 
software and use calibration to confirm the current data relevance to actual data and result in determining 
the designated flood level.  
 
The South East Queensland Regional Plan (ShapingSEQ) provides planning for regional growth and 
development for a total area of 23,016km². SEQ is expected to grow from 2.8 million people in 2006 to 4.4 
million people by 2031. ShapingSEQ aims to manage such growth for the lifestyle it withholds and natural 
environment. ShapingSEQ has proposed a 20% increase in densification for the southern sub-region. This 
outcome is due to implementing extension of the light rail infrastructure network, enhancing the health 
precinct and enhancing the planning and design for communities. 
 
Queensland Urban Drainage Manual (QUDM) described as the bible for stormwater design in Queensland, 
assists engineers in planning out stormwater drainage design as it addresses the technical, legal, regulatory 
and environmental aspects of effective drainage systems. Section 6 of QUDM explains the different 
computer models such as hydrologic and hydraulic and reporting outcomes.  Section 8 of QUDM discusses 
the factors affecting tailwater such as tidal variation, storm surge, wave setup and climate change. This 
section provides suggested tailwater levels and design procedures to design tidal outlets. Additional sections 
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roughness and planning of channels to name a few. QUDM is to be used in conjunction with local conditions 
and guidelines.  
 
Australian Rainfall and Runoff (ARR) guidelines detail flood estimation and procedures relevant to 
flooding and drainage design. The guidelines acknowledge that current procedures in determining future 
rainfall may not be suitable for infrastructure design as the incorporated climate change factors are of a 
broad sense and is based on existing data. These climate change factors are referred to as Global Climate 
Models (GCM’s) (EA 2015). Climate change conditions are expected to increase creating a grey area for 




 Flood Modelling  
 
 Hydrologic and Hydraulic  
Hydrologic and hydraulic flood models can be used simultaneously to design flood estimation. Aspects 
such as the quantity of catchment flow and amount of rainfall form a hydrologic model that produce 
hydrographs. These can then be used within a hydraulic model to calculate depths and velocities of flow 
within a pipe or open channel which will allow determination of pipe sizes as a minimum. A combined 
approach, which is only recent in the land of two-dimensional flood modelling, is direct rainfall modelling 
where a rainfall hyetograph is applied directly to the two-dimensional cells as ‘rain-on-grid’. This combined 
method has been utilised within the modelling methodology of this project and is explained further 
throughout the document.  
 
Flood modelling can include one-dimensional additions to an overall two-dimensional floodplain, i.e. the 
modelling of a culvert, pipe structure, bridge or constrictive structure within an overarching two-





There are several different software packages available for use in flood modelling. These software packages 
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Within all software types it is essential that co-ordinate systems are consistent. The current industry 
standard packages will be briefly discussed in this section. 
 
MIKE FLOOD is used for urban, coastal and riverine flooding using one-dimensional and two-dimensional 
modelling. The software simulates rivers, floodplains, flooding in streets, drainage networks, coastal areas, 
dams, levee and dike breaches, or any combination of these (MIKEFLOOD 2019). 
 
XP SWMM can be used to generate hydrographs from an actual storm event and or a design storm utilising 
Intensity – Frequency – Duration (IFD) data together with dimensionless storm temporal patterns (as per 
ARR). The model is flexible in its data requirements and is able to produce satisfactory results with the 
following data input: 
• local intensity frequency duration data; 
• design temporal patterns; 
• sub-catchment areas/slope and roughness; and 
• impervious areas. 
 
XP-SWMM can be used to develop the hydrology of the contributing catchment and generate hydrographs 
from an actual storm event and or a design storm utilising IFD data together with dimensionless storm 
temporal patterns as per ARR. XPSWMM can then combine this hydrological component with a one -
dimensional/two-dimensional hydraulic modelling component. XPSWMM is a versatile tool in flood 
modelling for consultants and development of a floodplain assessment. 
 
The BMT software TUFLOW can be used to assess the hydraulics of a physical location.  TUFLOW 
simulates depth-averaged one and two-dimensional free-surface flows using a majority of the hydraulic 
shallow water equation. TUFLOW has built-in solvers that allow one-dimensional and two-dimensional 
calculations be performed when running the model. Therefore, no hand-calculations are required by the 
user, simply only input parameters by use of text files - refer appendix B. The bulk of the input parameters 
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 Model Parameters 
Model parameters are variables or data that are input into the modelling software which allow a value to be 
estimated as an output from the data. Parameters are a requirement within the model to allow a prediction 
to be made.      
 
Manning’s roughness coefficient used within the manning’s formula to calculate flow in open channels 
being a key parameter for a hydraulic model. Manning’s roughness can also be termed as a material or a 
friction applied to the flow. For example, a flow through heavily vegetated groundcover is different to a 
cement finished surface. Universal manning’s roughness coefficients are available whereas specifically 
modified coefficients can be found within local council guidelines. 
 
Catchment areas in flood modelling can be defined as a hydrological unit meaning that each drop of rainfall, 
precipitation, flow or water that falls within a catchment eventually flows into the same river, creek, ocean 
mouth if it does not evaporate prior. Watersheds act as high ridges and divide a catchment into separate 
areas.   
 
Boundary Conditions can consist of upstream and downstream parameters. For example, an upstream 
parameter could be an initial flow rate upstream of a catchment whereas a downstream parameter may be a 
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Chapter 3. Assumptions and Limitations 
Limitations that may arise during the data collection and modelling processes may cause critical analysis 
problems as the overall outcomes of reporting data are not accurate.  
 
 
 Data Collection 
 
The predominant implications and limitations that may arise during the data collection phase is that the 
dates available for the data are inconsistent. For example, the data available for Sea-Level Rise is for prior 
to 2014 and current whereas the data that is available for flood levels is for prior to 2018 and post 2018.  In 
some instances, data gaps may arise. If this occurs, best practice and reasonable data 
extrapolation/interpolation may be required with proper justification within this research. Other 
implications and limitations are: 
• Sea-Level Rise 
o Missing data.  
• Flood Levels 
o Missing data – flood levels for the most upstream location of the catchment are not 
available.  
• Rainfall 
o Missing data. 
o IFD Tables have been adjusted. Prior to 2016 data use IFD 1987 tables and post 2016 data 
use the IFD 2016 tables. A factor of 10% is applied to future/predicted rainfall to determine 
rainfall intensities in correlation to climate change. This factor is only an estimation and 
may intensify with the rate of climate change. 
• Land-Use 
o Missing data. 
o Prediction of land use in future may change. 
• Topography 
o Missing data. 
o Unable to access topography prior to 2005. 
• Population 
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 Computer Modelling Software 
 
Problems that may arise within the computer modelling software are outlined in Table 2 with proposed 
solutions.  
 
 Computer Modelling Software issues and solutions 
ISSUE SOLUTION 
Model accuracy/clarity (what is an 
adequate grid size definition?) 
a) Assess models limiting topographic constraints (i.e. 
Channel width, structure size) and determine maximum 
grid size. 
b) Calculate variety of estimated model run times based on 
a formula comparing grid size/timestep/extents 
Model extent (based on differing 
data sets) 
a) Assess models limiting topographic constraints (i.e. 
Channel width, structure size) and determine maximum 
grid size. 
b) Calculate variety of estimated model run times based on 
a formula comparing grid size/timestep/extents 
Computer CPU power and storage 
capacity 
a) Use industry standard model run time formula which 
considers all computer CPU models and their suggested 
CPU run time per grid cell speed. 
b) Numerical models to be run on local hard drive (SSD 
preferred) only (not server-based systems) to maximise 
storage capacity of result files and maintain computer 
memory. 
Model version consistency across 
multiple computers 
a) Numerical model software version to remain consistent 
throughout research project. This reduces any potential 
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Chapter 4. Methodology  
 
A methodology must be employed to ensure that the outcomes of the project are accurately represented. 
The methodology that is being followed can be seen to be similar to the methodology employed by the 
Bureau of Meteorology and the City of Gold Coast in performing IFD analysis of actual storm events.  
 
Climate Change factors will be applied to the IFD tables to analyse the differences in rainfall intensities. 
Different scenarios will model historical data, current data and future predictions. The predominant cause 





 Study Area 
 
For the purpose of this study, a proposed study area has been chosen to facilitate the quantification of 
climate change and land use on rainfall and management of flooding. The proposed study area is within the 
suburb of Currumbin, an urban catchment situated on the Gold Coast, Queensland – refer figure 5.  
 
The Currumbin Creek catchment has an area of approximately 52 square kilometers (CoGC 2015). 
Currumbin Creek originates in Springbrook National Park and runs in a north-eastern direction before 
discharging to the Pacific Ocean (WMS 2015) as seen in figure 5. The total creek length is around 26.25 
kilometers. Approximately 77% of the Currumbin Creek catchment is rural, mostly forested with some 
rural development. The catchment starts out rather steep and heavily vegetated with the middle section of 
the catchment being flatter and populated by forests, and the downstream section of the catchment is 
extremely flat and urbanised. Currumbin Creek meanders through the catchment before discharging into 
the Pacific Ocean, this location marks the downstream boundary of the catchment.  
 
This study area was selected due to a recent update from City of Gold Coasts Natural Hazard team of the 
regional flood modelling for the catchment, resulting in significant increases to river flood levels. These 
increases are largely a result of climate change factors, predominantly sea-level rise. Particular focus has 
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 Currumbin Creek Catchment Extent (Blue) (Source: Nearmap altered by E.Way) 
 




 Hydraulic Model Development 
 
 Modelling Approach 
In order to assess the potential for flooding changes caused by climate change and intense urbanisation, a 
hydraulic assessment is required. The primary purpose of this research has been to define the extent and 
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inundation within the modelled catchment. The study uses TUFLOW to undertake the floodplain modelling 
and mapping. An existing model has been retrieved from Council with minor modifications to the extent 
required for this study. Existing models are available to the public and it is assumed that this model has 
been verified and calibrated within Council prior to public release.  
 
The scope of research entails: 
• Collection and review of existing information including rainfall, aerial photography, digital 
elevation model, council development and land use plans; 
• Analysing all ARI rainfall intensities (1-year to 100-year) while focusing on the 100-year resulting 
flood extents; and 
• Produce flood inundation maps for critical events. 
 





The BMT software TUFLOW has been used to assess the hydraulics of the physical Creek. TUFLOW 
simulates depth-averaged one and two-dimensional free-surface flows using a majority of the hydraulic 
shallow water equations. This two-dimensional model has focused on the design 1% AEP event for various 
rainfall and tailwater conditions. 
 
An investigation of the Currumbin Creek has been undertaken to determine characteristics and modelling 
parameters for current and revised flood levels (e.g., how much of the flood level is attributed to climate 
change effects which includes a 10% increase in rainfall intensities and higher tailwater conditions). This 
information is used to investigate its effect on the Currumbin Creek catchment itself. 
 
The TUFLOW model extent stretched the entire Currumbin Creek to its river outlet. The model cell size 
consisted of a 30m grid cell size. Input hydrology and manning’s n roughness coefficients will be adopted 
as part of the adopted TUFLOW model.  
 
Together with the change in rainfall intensities, a change in tailwater level was undertaken to account for a 
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literature. Sensitivity analysis will be undertaken to further understand the effects of climate change. 
TUFLOW will be modeled under the following two methods: 
• Current tailwater level sourced from GoGC; 
• Climate change tailwater level. 
 
The tailwater level will be modeled assuming a coincidental peak method where the local event matched 
the peak (timing) of the storm surge. 
 
Critical Storm durations have been determined via modelling a variety of direct rainfall method storm 
simulations ranging from 60 minutes to 1440 minutes and estimating the peak flood level at a specified 
location. Direct rainfall method involves the application of rainfall ‘hyetograph’ to all cells in a two-
dimensional model and runoff is routed within the hydraulic model. A hyetograph is distribution of rainfall 




 Available Data 




 Sea-level rise 
Sea-levels for the period prior to 2014 and current time are obtained from City of Gold Coast flood 
management reporting for their local creek catchment management strategy. Future sea-levels are predicted 
with an increasing factor of 10% on the current sea-level. However as found in previous research that has 
been completed such as studies from the IPCC, it is estimated that sea-level rise could increase by maximum 
1.2m by the end of this century. For this research, we will utilise a 10% increase to find a flood level of 
2.09m for the future year 2100 coherently with IFD rainfall data future increase. Refer Table 3 for sea-
levels for the different scenarios. 
 
 Sea-Level Rise Currumbin Creek 
Year Sea-Level (m AHD) 
Pre 2014 (Historical) 1.1m 
2019 (Current) 1.9m 
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 Flood Level 
Flood levels are collected from the Gold Coast City Council Interactive Mapping Service. The superseded 
flood levels are prior to 2018 and are obtained using interactive mapping version 5. The current flood levels 
are post 2018 and are obtained using interactive mapping version 6. Four (4) different locations are selected 
within the catchment. Craig’s Crossing is located at the most upstream location available for flood levels, 
Galleon Way bridge crossing is within the middle of the catchment, the Pacific Motorway being just 
upstream of the Creek mouth and the Creek mouth is at the furthest downstream location. Refer Table 4 
and Figure 6 for relevant flood levels and locations respectively.    
 
 Designated Flood Levels - Currumbin Creek 
Location within Catchment Pre 2018 flood level (m 
AHD) 
Post 2018 flood level (m 
AHD) 
Craig’s Crossing (Currumbin Valley) 17.64 18.96 
Galleon Way bridge 3.33 4.11 
Pacific Motorway 2.57 3.28 
Creek Mouth  2.47 2.84 
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 Rainfall 
To evaluate the impact on urban coastal developments due to the increased severity of storms from climate 
change, daily data for annual rainfall will be analysed against predicted rainfall events. An existing and 
historical comparison of predicted 63.2% AEP, 50% AEP, 20% AEP, 10% AEP, 5% AEP, 2% AEP and 1% 
AEP storms to actual rainfall intensities over the actual storm duration within the Currumbin Creek 
catchment will be analysed. Rainfall has been collected from the Bureau of Meteorology from the Intensity 
Frequency Duration data in mm/hr. as per tables 5, 6 and 7. The future rainfall has been determined by 
applying a 10% factor on the current scenario (2016) data.  
 
 Rainfall Intensities (mm/hr.) ARR 1987 guidelines 
  63.2% 50% 20% 10% 5% 2% 1% 
5 min 128 163 201 223 252 290 319 
10 min 98.7 126 156 174 197 228 252 
20 min 71.9 92 116 130 148 172 191 
30 min 58.5 75 95.3 107 123 143 159 
1 hr 39.9 51.4 65.9 74.4 85.6 100 112 
2 hr 26.7 34.4 44.1 49.8 57.3 67.3 74.9 
3 hr 21 27 34.5 38.9 44.8 52.5 58.4 
6 hr 13.9 7.8 22.7 25.5 29.2 34.2 37.9 
12 hr 9.17 11.8 15 16.9 19.4 22.7 25.2 
24 hr 6.02 7.79 10.1 11.5 13.3 15.7 17.6 
48 hr 3.85 5.04 6.75 7.8 9.15 11 12.4 
72 hr 2.89 3.8 5.17 6.02 7.11 8.57 9.72 
 
 
 Rainfall Intensities (mm/hr.) ARR 2016 guidelines 
  63.2% 50% 20% 10% 5% 2% 1% 
5 min 116 131 179 211 244 288 323 
10 min 95 107 144 168 192 223 246 
20 min 69.7 78.3 105 123 141 163 180 
30 min 55.9 62.9 84.8 99.7 114 134 148 
1 hr 36.8 41.6 57.1 68 79 94.5 107 
2 hr 23.9 27.2 38.4 46.5 55 67.3 77.4 
3 hr 18.7 21.5 30.7 37.6 44.9 55.4 64.1 
6 hr 12.7 14.7 21.5 26.7 32.1 39.9 46.3 
12 hr 8.8 10.3 15.3 19 22.9 28.2 32.5 
24 hr 6.13 7.2 10.7 13.2 15.8 19.1 212.7 
48 hr 4.1 4.82 7.07 8.61 10.1 12.1 13.6 
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 Rainfall Intensities (mm/hr.) Future with Climate change factor of 10% (on top of ARR 
2016 methods) 
  63.2% 50% 20% 10% 5% 2% 1% 
5 min 127.6 144.1 196.9 232.1 268.4 316.8 355.3 
10 min 104.5 117.7 158.4 184.8 211.2 245.3 270.6 
20 min 76.67 86.13 115.5 135.3 155.1 179.3 198 
30 min 61.49 69.19 93.28 109.67 125.4 147.4 162.8 
1 hr 40.48 45.76 62.81 74.8 86.9 103.95 117.7 
2 hr 26.29 29.92 42.24 51.15 60.5 74.03 85.14 
3 hr 20.57 23.65 33.77 41.36 49.39 60.94 70.51 
6 hr 13.97 16.17 23.65 29.37 35.31 43.89 50.93 
12 hr 9.68 11.33 16.83 20.9 25.19 31.02 35.75 
24 hr 6.743 7.92 11.77 14.52 17.38 21.01 21.45 
48 hr 4.51 5.302 7.777 9.471 11.11 13.31 14.96 
72 hr 3.443 4.026 5.863 7.095 8.283 9.845 11 
 
Temporal patterns were obtained from Australian Rainfall and Runoff (ARR). Temporal patterns provide 
incremental rainfall as a percentage for the storm duration. These patterns were converted to rainfall depth 




 Land use 
Land Use data collection has been obtained from Queensland Imagery, Nearmap and the City of Gold 
Coasts’ interactive mapping tool. Historical aerial imagery from 1987 has been obtained from Queensland 
Imagery. Queensland Imagery provides satellite images since the 1930’s. Current time aerial imagery has 
been sourced from Nearmap Imagery. Google Earth also provides satellite images, however for the 
Currumbin Creek catchment the latest imagery available is from 2003.  
 
Land Use for the year 2036 has been predicted as per the city’s planning scheme. The city’s planning 
scheme that is in place plans the zoning types for a particular area in relation to density requirements. As 
seen in figure 7 the interactive mapping service shows that the low-lying areas are zoned for medium density. 
The Gold Coast interactive mapping tool is forecasted for the next 20 years. As the future climate change 
scenario is going to be based upon 2100, a sensitivity analysis has been adopted utilising the proposed 





  Page 32 
From the aerial imagery obtained for the historical scenario, current scenario and future predicted scenario, 
we can determine the percentage of pervious areas to impervious areas over the total catchment area. These 
areas are utilised when determining the model parameters such as manning’s roughness coefficients. 
 
  




 Bathymetry/Topography  
Topography was obtained from QLD ELVIS through the public listed portal. 
 
A digital elevation model (DEM) of the study area was based on data captured by LiDAR provided by 
Queensland Government. LiDAR is a remote sensing method measuring distances to features in the terrain 
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Elevation and depth data have been obtained from ELVIS (Elevation and Depth – Foundation Spatial Data). 
The subject area was searched by creating a polygon around the subject catchment. DEMs were downloaded 




 Model Extent 
The model extent is the extent of the Currumbin Creek catchment as seen in figure 5 (shown in the blue 
polygon). The catchment has been delineated from the sourced topography and the existing ridgeline was 




 Model Parameters  
Model Parameters for the TUFLOW model will be detailed here. These parameters are consistent 
throughout each modelling scenario.  
 
Computational grid size is determined based on the resolution and the simulation time required to run the 
models. Smaller cell sizes improve the accuracy however it results in a significant increase in required 
memory and computation power to run the model. A cell size of 30m is used for this investigation. 
 
Computation time step is important to the accuracy of the model output. An appropriate timestep balances 
the simulation time with the model’s stability and numerical accuracy. A timestep of 3 seconds is used. The 
computational simulation time ranged from 15 minutes to three (3) hours for the 60-minute and 24-hour 
storm duration respectively. 
 
Temporal patterns for Gold Coast are retrieved from Gold Coast Planning Scheme Policies. Rainfall has 
been obtained from BOM for 1987 and 2016. These rainfall depths have been utilised in conjunction with 
the temporal patterns for ARI < 30 years an ARI>30 years. Each storm event is split among different 
durations and periods, these percentages then correlate with the rainfall data from BOM to calculate the 
temporal pattern and amount of rainfall for the subject catchment of Currumbin Creek – refer appendix C 
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All hydrological and hydraulic modelling have an inherent level of uncertainty. This is due to 
• Accuracy of DEM; 
• Changes to topography; 
• Rainfall patterns; and 
• Estimated input parameters. 
This research is based upon data available at the time of analysis.  
 
For ease of comparison only the 100-year ARI (or 1% AEP) was modelled for all three (3) scenarios, 
including the following durations in TUFLOW: 
• 1987: 60min, 120min, 180min, 360min, 720min, 1080min, 1440min 
• 2016: 360min, 720min, 1080min, 1440min  
• Future 2100: 360min, 720min, 1080min, 1440min 
 
The TUFLOW file structure, relationship, and software methodology is similar to a process as seen below 
(TUFLOW 2018). Refer to appendix B for tbc, tcf, tgc and tmf text files. 
• File structure is set up on computers local drive. Use the local drive for speed and reliability when 
running model. 
• Set GIS projection and create empty GIS files. 
• Set up codemeter for use of TUFLOW dongle. 
• Naming conventions “Cur” is used for this research. Importance to identify and separate multiple 
models/projects. 
• TUFLOW Geometry Control File (TGC) Inputs: 
• Define Location and Dimensions of the 2D Domain (set up the cell size of the model, 
set grid size by X, Y coordinates being 16500m, 16500m) 
• Define Elevations (set z= 0) 
• Define Preliminary Active and Inactive Areas of the 2D Domain 
• Discussion on Command Order  
• Define the Materials (Surface Roughness) Materials are set for three different roughness 
types as per different scenarios modelled. Refer section 4.3 for differentiation of 
scenarios 
• TUFLOW Control File (TCF) Updates 
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• Define Boundary Condition GIS Locations (Direct rainfall, Downstream boundary 
types) 
• TUFLOW Boundary Control File (TBC) Updates 
• TUFLOW Boundary Condition Database (bc_dbase) 
• TUFLOW Control File (TCF) Updates 
• TUFLOW Simulation Control File (TCF) Updates: 
• Set Model Controls (time step 1sec, read in TGC, TBC, TEF files). 
• Run Simulation 
• Viewing Results: 
• Output Formats (Use QGIS to view results) 
• Viewing Results 
• Reviewing Model Performance: 
• Simulation Check Files 
• TUFLOW Log file 
• TUFLOW Messages Layers 




 Hydrological Input 
 Rainfall data 
The initial and continuing losses have been determined in conjunction with the recommendations contained 
in ARR, Design Rainfall Considerations. These losses are applied throughout the historical, current and 
future development models. Sub catchment areas, imperviousness and slopes parameters vary and will be 
applied throughout both models to best reflect each situation. 
 
Use TUFLOW to setup a current scenario and a climate change scenario of a theoretical large-scale 
development in the study area using current IFD data and future IFD data (climate change) established from 
actual recent rainfall data and predictions on increases to IFD. Table 6 in section 4.3 Data Collection 
presents the current rainfall intensities for the Currumbin Creek Catchment. Prior to setting up the 
modelling software, key parameters will be determined as input data. These parameters will be compared 
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 Topography  
The adopted Digital Elevation Model (DEM) was obtained for the year of 2014 specified at a 1-meter grid, 
where elevations of each grid were specified at each corner of each cell. This was implemented into QGIS 




 Losses  
Continuing loss factors area applied to historical, current and future scenarios and have been obtained from 
ARR Guidelines. Continuing loss is the loss that occurs from the beginning of the surface runoff to the end 
of rainfall event. Initial loss is the amount of rainfall required to wet up a catchment before runoff starts. 
Each scenario encounters a different initial loss and continuing loss, refer section 4.3 for explanation of 




 Boundary Conditions 
Boundary conditions are a required component of the modelling software. Boundary conditions direct the 
motion of flow and the location of these require a selected location such that flow either goes in or out of 
the subject catchment. The inflow boundary condition consisted of direct rainfall polygon laid over the 
entire catchment in the form of a scaled hyetograph being applied directly to the two-dimensional cells. 
Note, that the method of applying the full design hyetograph across a catchment of this size is well 
conservative and that the modelling performed for this project has not applied any rainfall variability within 
the catchment. While the downstream boundary consisted of two (2) types: 
• Free flowing, flow versus head QH boundary with a longitudinal slope of 0.5%; and 
• A fixed tailwater level as seen in table 8. 
 
 Adopted modelled Tailwater Level (TUFLOW) 
Scenario Downstream boundary 
condition 
Historic 1987 TWL 1.11 (m AHD) 
Current 2016 TWL 1.90 (m AHD) 
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 Manning’s Roughness 
Depth varying roughness’s and rainfall losses have been applied to land-use types specified within the 
model. Manning’s roughness industry standard for particular land-use is utilised within the model - refer 
Table 9 for the manning’s values for this model.  
 
 Manning’s Roughness Coefficient 
Material Code Manning’s n Land-Use Description 
1 0.045 Rural Land 
2 0.09 D2 Density (Low) 




 Model Scenarios 
 
This study is based on modelling different scenarios as per the critical storm durations found for historical 
rainfall, current rainfall and future rainfall. These scenarios were decided based on the analysis that in order 
to determine thorough results, allowing an investigation of the impacts that climate change and land use 
have had on coastal catchments it was essential to compare flood levels and extents for different periods of 
time. 
 
To evaluate the impact on urban coastal developments due to the increased severity of storms from climate 
change, daily data for annual rainfall will be analysed against predicted rainfall events. An existing and 
historical comparison of predicted 63.2% AEP, 50% AEP, 20% AEP, 10% AEP, 5% AEP, 2% AEP and 1% 
AEP events will be analysed for historical, current and future scenarios. 
 
The catchment extent will be split into sub-catchments separating types of land-use and differing density 
zones utilising QGIS mapping software. CoGC defines low density residential zone as dwelling houses and 
small-scale services and facilities catered for residents, where building height cannot exceed 2 storeys. 
Medium density residential zones can be defined as mixed dwelling types including dwelling houses and 
multiple dwellings supported by community uses and small-scale services and facilities catered for local 
residents. Building height varies depending on the size of land and reference to the building height overlay 
map is necessary. High density residential zone is similar to medium density however building height 
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catchment, however as the catchment area is densifying rapidly future predictions will allow for high 





The first scenario to be modelled is the historical scenario.  The historical analysis has been based on IFDs 
from 1987 obtained from BOM. A sub-catchment split between densified areas (30%) and rural areas (70%) 
based on aerial imagery obtained from Queensland Imagery and the mapping of these areas are completed 
in QGIS. The historical scenario has been modelled using two different boundary conditions. The first 
model uses a downstream boundary condition as free-flowing and the second model uses a downstream 
boundary condition with a tail water level applied. Free-flowing downstream boundary refers to an outlet 
to which water can escape out of the model unrestricted. Downstream tail water level (Sea-level as 





 Model Parameters  
The historical model has been modified to suit the conditions during 1987. Rainfall data as shown in section 
4.2.2.3 Rainfall has been utilised to model the historical scenario analysis. The catchment area has been 
split into sub-catchments as per aerial imagery. It was found that during 1987 the residential areas consist 
of low density residential only on the eastern side of the Pacific Motorway.  On the western side of the 
Pacific Motorway there are some low-density areas whereas the remainder of the catchment is rural.  
 
Figure 8 shows a cropped aerial of 1987 from Queensland Imagery overlayed as best possible to the current 
cadastral boundaries. Unfortunately, cadastral boundaries are not available for the historic scenario. The 
areas that have not been shaded in are either rural areas or conservation/greenspace areas. Refer Appendix 
D for full image. 
 
The initial losses (IL) have been set at 0mm/hr. while the continuing losses (CL) are 2.5mm/hr. for rural 
land (default value), 1.25mm/hr. for low-medium density residential land (D2) that is consistent with 
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The second scenario to be modelled is the current scenario. Current analysis has been based on IFDs from 
2016 obtained from BOM. A sub-catchment split between densified areas (50%) and rural areas (50%) 
based on aerial imagery obtained from Nearmap and the mapping of these areas is completed in QGIS. A 
tail water level (Sea-level as mentioned in Section 4.2.2 Available Data) of 1.9m AHD. This level was 




 Model Parameters  
The current model has been modified to suit the conditions during 2016. Rainfall data as shown in section 
4.2.2.3 Rainfall has been utilised to model the current scenario analysis. The catchment area has been split 
into sub-catchments as per aerial imagery. It was found that during 2016 the residential areas consist of 
medium density residential on the eastern side of the Pacific Motorway.  On the western side of the Pacific 
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Figure 9 shows a cropped Nearmap aerial overlayed as best possible to the current cadastral boundaries 
with hatched shading identifying the different type of residential density. The areas that have not been 
shaded in are rural areas.  Refer Appendix E for full image. 
 
The Initial Losses have been set to 0mm/hr., while the continuing losses are 4.1mm/hr. for rural land 
(default value), 2.1mm/hr. for low-medium density residential land (D2) which is consistent with Industry 









The third scenario to be modelled is the future scenario, being the year 2100. Future analysis has been based 
on IFDs from 2016 obtained from BOM with a climate change factor applied of 10%. The climate change 
factor has been determined based on best practice and industry standard. 
 
A sub-catchment split between densified areas (70%) and rural areas (30%) based on aerial imagery 
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was undertaken to predict the future scenario land use types and is explained in section 4.3.1.1 Model 




 Model Parameters 
Specific model parameters that have been applied to the future scenario model are predicted and uncertain. 
A sub-catchment split between densified areas (70%) and rural areas (30%) is determined based on city 
plans. An analysis has been conducted and a prediction has been made on the catchment split for the year 
2100. The densified areas for the future scenario have been split into different levels of zoning such as D1 
for high density residential and D2 for low-medium density residential. It has been predicted that the D1 
high density zone is for residents living on the north-eastern side of Galleon Way with the D2 low-medium 
density zone for residents living on the south-western side of Galleon Way to approximately 8 kilometers 
from the coastal boundary at the discharge location of Pacific Ocean. Some additional areas further 
upstream are considered as D2 low-medium density also.  
 
The CoGC provides interactive mapping for the city’s vision of zoning types. The vision is for a 20-year 
horizon, currently up until the year 2036 and is only slightly different to the current scenario based aerial 
imagery obtained from Nearmap. It has been predicted that the conservation and greenspace zones will 
remain the same for the future scenario. Figure 10 shows a cropped Nearmap aerial overlayed as best 
possible to the current cadastral boundaries with hatched shading identifying the different type of residential 
density. The areas that have not been shaded in are rural areas. Refer Appendix F for full image. 
 
Initial and continuing losses are applied to the future scenario and these have been obtained from ARR 
2016 guidelines. The continuing loss for the rural land is 4.1mm/hr., low-medium density residential is 
2.1mm/hr. and the high-density residential area utilises 0mm/hr. These values are consistent with Industry 
standard ARR 2016 methods and assumptions. High density residential areas are classified as 100% 
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Chapter 5.  Results and Discussions 
 Critical Durations 
 
The determination of the Currumbin Creek critical storm duration was estimated by modelling several 
different storm events with the data that was available and accessible at the time of conducting this research. 
 
To focus on the dominate and governing storm event in relation to flood planning and potential for building 
inundation the 100-year ARI (or 1% AEP) was modelled in isolation to the other lower storms, for all three 
(3) scenarios, including the following durations in TUFLOW: 
• Historic 1987: 60min, 120min, 180min, 360min, 720min, 1080min, 1440min; 
• Current 2016: 360min, 720min, 1080min, 1440min; and 
• Future 2100: 360min, 720min, 1080min, 1440min. 
 
The critical storm duration that was found for all three (3) scenarios was the 1440-minute (24 hour) storm. 
This catchment critical storm (1440min) coincides with a standard duration storm surge which is usually 
between 24 hours and three (3) days, as a result of a cyclone. Figure 11 shows the 1987 historical scenario 
peak timing comparison between a number of different storm events ranging from 60 minutes to 1440 
minutes – taken at a point just upstream of the Pacific Highway. As seen in this graph, the 1440-minute 
storm resulted in the highest flood level of 3.16m AHD. This scenario was modelled with a free-flowing 
boundary condition. The 1440-minute storm peaks at 3.16m AHD at around the 1080-minute (18 hour) 
mark. As seen in this graph, shorter storm durations peak at an earlier time which is expected, however they 
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 Flood Levels 
 
The above critical durations were obtained from investigation of all durations run for each of the three (3) 
scenarios and was estimated that the 24-hour storm durations peaked the highest at the Pacific Motorway 
crossing (of the Currumbin Creek). Other areas up and down the creek showed a variety of critical storm 
durations, however for the purpose of this research one point had to remain consistent. The Pacific 
Motorway location can be seen in figure 6. Refer Table 10 for comparison of flood levels using the Q100 





The historical flood levels from the CoGC regional flood mapping have a flood level of 2.57m AHD. 
Through thorough research, it was noted that the current flood levels for the City of Gold Coast are 
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modelling software packages, the achieved flood levels cannot be compared, additionally the models cannot 
be calibrated against each other.  
 
The flood level at the Pacific Motorway crossing of the Currumbin Creek that has been output for the 
historical scenario from TUFLOW using a free-flowing boundary condition is 3.16m AHD. When applying 
a TWL of 1.11m AHD to the downstream boundary condition of the historical scenario, the flood level 
output from TUFLOW is 3.21m AHD. 
 
The historical scenario flood levels output show that the flood level has not increased in proportion to the 
TWL that has been applied. A 1.1m TWL only increases the flood level by 50mm. This demonstrates that 
the Currumbin Creek catchment in the historical scenario is a rainfall dependent catchment and does not 





The current flood levels from the CoGC regional flood mapping have a flood level of 3.28m AHD. Similar 
to the historical scenario, it was found that the current flood levels for the City of Gold Coast are determined 
by use of a different modelling software being MIKEFLOOD. Due to the difference in modelling software 
packages, the achieved flood levels cannot be compared, additionally the models cannot be calibrated 
against each other.  
 
The flood level at the Pacific Motorway crossing of the Currumbin Creek that has been output for the 
current scenario from TUFLOW using a free-flowing boundary condition is 3.40m AHD. When applying 
a TWL of 1.90m AHD to the downstream boundary condition of the current scenario, the flood level output 
from TUFLOW is also 3.40m AHD. 
 
The current scenario flood levels that are output again show that the flood level has not increased in 
proportion to the TWL that is applied. A 1.90m TWL has not shown any increase in the current scenarios 
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 Future  
The future flood levels are proposed from the results obtained from TUFLOW. The flood level at the Pacific 
Motorway crossing of the Currumbin Creek that has been output for the future scenario from TUFLOW 
using a free-flowing boundary condition is 3.42m AHD. When applying a TWL of 2.09m AHD to the 
downstream boundary condition of the current scenario, the flood level output from TUFLOW increases to 
3.62m AHD. 
 
The current scenario flood levels that are output again show that the flood level has not increased in 
proportion to the TWL that is applied. A 2.09m TWL has shown an increase of 200 millimeters. Refer 
Table 10 for comparison of flood levels. The impact of an increase in current to future TWL levels, due to 
the climate change effects of sea level rise and storm surge is a reasonably significant increase in flood 
levels and associated impacts. This confirms that as sea-levels rise due to climate change, flood levels will 
rise concurrently.  
 





Pacific Motorway flood level  
(m AHD) 
1A Historic 1987 Free flow 3.16 
1B Current 2016 Free flow 3.40 
1C Future (CC) 2100 Free flow 3.42 
2A Historic 1987 TWL 1.11 (m AHD) 3.21 
2B Current 2016 TWL 1.90 (m AHD) 3.40 




 Flood Extent 
 
When planning for a flood there are certain questions that may arise from the community affected. These 
questions are: What areas will be flooded? How deep will the flood waters get? When will the flood arrive? 
From the historical, current and future scenarios we can analyse the flooding extent that would occur during 
a 1% AEP storm event as per the resulting flood levels detailed in section 5.2. These flooding extents are 
as per the flood levels from the TWL boundary condition scenarios. Refer to Section 5.4 Flood Timing for 
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As seen in table 10, the difference in flood levels between the historical, current and future climate change 
scenarios modelled result in an increase of 200mm at the Pacific Motorway. Refer Figure 12 for a cropped 
flood extent map overlayed on current aerial imagery from Nearmap. The red cells show the future flood 
extent extending further upstream than the historical (yellow) and current (orange) flood extents. The 
increased flood extent due to the future climate change scenario is relatively small and is shown as a red 
cell in figure 12. Refer Appendix G for full image. 
 
 




 Flood Timing 
 
The 1440-minute (24 hour) storm duration was determined to be the critical event for the Q100. As seen in 
figure 13, the graph details the flood levels reached over a 1440-minute storm for the historical, current and 
future scenarios. The historical scenario peaks at around the 1080-minute mark whereas the current and 
future scenarios peak at the full 1440-minute storm. As expected, the future scenario results in a peak flood 
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Chapter 6. Conclusions and Recommendations 
This research project set out to analyse the effects of climate change and land use on rainfall and the 
management of flooding within an urban coastal catchment. This investigation was purely a desktop study 
utilising available online data to build a hydrological/hydraulic model to assess the flood regime for varying 
scenarios.  
 
Literature has been reviewed based on climate change, rainfall events, Intensity Frequency Duration data, 
urbanisation, management of flooding and flood modelling software. As climate change is expected to 
accentuate over future decades or more, it is important to understand the effects that this may have on low-
lying coastal catchments.  
 
This information has allowed research to be conducted and provides outcomes for the subject catchment. 
The Currumbin Creek catchment, a low-lying urban coastal catchment, has been analysed with specific 
climate change factors applied to allow an investigation of future flood levels during an extreme storm 
event. A review of the selected study area catchment characteristics such as size, elevation, slope, 
development land use/impervious percentage, and roughness has been conducted and input into TUFLOW 
flood modelling software. Additional to reviewing existing and historical rainfall data, an investigation has 




 Key Outcomes 
 
This study has found that climate change and land use have an effect on flood levels within low-lying 
catchments. Although the resulting flood levels were not as high as expected initially, a rise of 200 
millimeters is considered significant in flooding. Section 5 details the results found in this research and the 
following conclusions of this study are: 
 
1. When isolating the ‘current’ scenario for both Free flow and TWL conditions, we see no change in 
flood level at the Pacific Motorway, and therefore the flood level at this location is not dependent 
on so much TWL conditions but is governed by the catchment rainfall. i.e. The flood level does not 
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2. When we isolate the three (3) ‘free flowing’ scenarios (1A, 1B, & 1C), we notice a minor increase 
amongst these scenarios and hence the results demonstrate that the change in catchment and 
climatic conditions does not impact greatly. i.e. flood levels have only increased 260mm from the 
historic to the future scenario, based on the discussed increase intensity and impervious area 
increase, with no tailwater. Whereas the TWL scenarios from historic to future have a slightly 
larger increase of 410mm. 
 
3. The impact of an increase in current to future TWL levels, due to the climate change effects of sea 
level rise and storm surge is a reasonably significant increase in flood levels and associated impacts. 
 
4. The results show that there is a 5.85% increase in flood levels in the TWL scenario due to the 
effects of climate, which includes IFD, increase in sea level rise, storm surge and changes to land 
use resulting in reduction in infiltration.  
 
5. The results show that should the Currumbin Creek catchment have more intensive development as 
per the intent within this thesis, and combined with the effects of climate change, properties and 
future development in the low lying areas of the catchment will need to account for the increase 
flood levels in planning for new developments particularly floor levels and the ability to evacuate 
safely.  
 
6. This catchment critical storm (1440 minutes) will coincide with a standard duration storm surge, 
as a result of a cyclone. 
 
7. The flood extent increase was only minimal between the three (3) scenarios, however as expected 




 Future Work 
 
Further investigations are highly recommended to be able to gain a greater understanding of the effects of 
climate change within the Currumbin Creek catchment. This recommended further work is as follows: 
 
• Future investigation of other locations upstream and downstream, to rule out any impact on 
convergence due to existing road constructions, levels and topographic constriction. This is due to 
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shown an anticipated increase in flood equivalent to the increase due to storm surge levels (e.g. 
increase of two (2) meters). 
 
• Based on the modelled location, further investigation of any impact of future upstream detention 
basins for increased impervious development areas would need to occur as results do not show a 
significant difference between current and climate change flood levels without TWL.  
 
• Assessment of implementing detention basins on every development existing and proposed to assist 
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ENG4111/4112 Research Project  
Project Specification  
For:   Erin Way  
Title: Effects of Climate Change and Land Use on Rainfall and Management of Flooding in an 
Urban Coastal Catchment 
Major:  Civil Engineering  
Supervisor: Antoine Trzcinski 
Enrolment: ENG4111 – ONL S1, 2019 ENG4112 – ONL S2, 2019  
Project Aim:  To analyse the predicted rainfall events to what the rainfall events could be with the 
effect of climate change and high-density areas resulting in increased impervious areas. 
Programme: Version 1, 13 March 2019 
1. Research information on climate change and land use behaviours in urbanised areas 
2. Select catchment that will be used as the subject site  
3. Collect data from datasets in relation to rainfall, precipitation, development increases 
4. Analyse historical data and apply to model. 
5. Analyse the predicted increases from density and climate change.  
6. Apply a factor increase of predicted extreme rainfall events and impervious ground due to climate 
change and land use and apply to model. 
7. Analyse the two types of data for current circumstances and the circumstances if development 
keeps increasing within the subject catchment 
8. Based on the expected outcome that the subject catchment is highly inundated during an extreme 
rainfall event, provide mitigation options such as lot based attenuative structures/ infiltration 
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